Introduction
Despite advances in medical, surgical, and critical care interventions, infective endocarditis (IE) remains a life-threatening illness 1 . Therefore, implementation of effective prophylaxis measures is highly desirable. Based on the known risk of bacteremia during invasive procedures, the American Heart Association (AHA) has published formal recommendations for IE prophylaxis since 1955. Over the years, however, cumulative evidence has suggested that the risk of bacteremia during invasive dental procedures is not substantially greater than the risk during activities of daily life 2 . Based on availability of these and other more recently published data 3 , the AHA made radical changes in their IE prevention guidelines in 2007 that recommended use of antibiotic prophylaxis for invasive dental procedures to only four groups of patients who would be at higher risk from complications and mortality if they developed endocarditis 4 .
Moreover, the 2007 guidelines no longer recommended antibiotics for IE prevention before invasive gastrointestinal and genitourinary procedures 4 .
Because invasive dental procedures have been linked to IE due to viridans group of streptococci (VGS) in the past, there has been a lingering concern among medical and dental health care providers that the decrease in the number of patients receiving antibiotic prophylaxis for invasive dental procedures may result in an increase in cases of VGS-IE. However, prophylaxis restrictions introduced in the updated guidelines on the incidence of IE due to VGS in this country remains undefined.
We performed a temporal trend analysis of the incidence of IE due to VGS in Olmsted County, MN, between 1999 through 2010, which included an analysis of incidence both before and after publication of the 2007 AHA endocarditis prevention guidelines. We also evaluated the number of hospital discharges due to VGS-IE using the Nationwide Inpatient Sample (NIS) of antibiotic prophylaxis for invasive dental procedures to only four groups of pa a at t tien en ents s s w w who ho ho would be at higher risk from complications and mortality if they developed endocarditis f 4 .
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Methods

Setting
Olmsted County, Minnesota, provides an exceptional opportunity to conduct population-based studies given its geographic isolation from other urban centers, as well as a unique medical records-linkage system that encompasses all residents of Olmsted County, regardless of their healthcare provider. Our group has previously performed two population-based analyses of IE in
Olmsted County within the past decade that included cases between 1970 and 2006 5, 6 . During this time period, there was a total of 150 cases of IE with an incidence of VGS-IE ranging from 1.7 to 3.5 cases per 100,000 person-years 5, 6 .
Data Collection
The Endocarditis Registry of the Division of Infectious Diseases at Mayo Clinic and the Rochester Epidemiology Project (REP) database were our primary resources for data collection and case ascertainment. The IE registry at Mayo Clinic is a prospectively maintained database of all IE cases since 1970 5 . Patient medical records were retrieved through the REP database, which links and indexes diagnostic and procedure information from all sources of health care in Olmsted County into a single centralized system 5 . All Olmsted County residents 18 years or older with definite or possible IE caused by VGS, as defined by the modified Duke criteria, between January 1, 1999, and December 31, 2010 were identified using this system 6, 7 . We obtained demographic, clinical, laboratory, and outcomes data from a detailed review of the complete medical records.
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Patients were considered to have health care-associated infection if one of the following conditions were met before the development of signs or symptoms of IE: received infusion therapy at home or self-administered intravenous medications in the last 30 days; attended a hospital or hemodialysis center or received intravenous chemotherapy in the last 30 days; was hospitalized in an acute care hospital for 2 or more days in the preceding 90 days; or resided in a nursing home or a long-term care facility 6, 11 . Community acquisition of IE was defined by onset of signs and symptoms of IE in patients who did not fit the above criteria for a health-care associated infection 12 . Nosocomial acquisition of IE was defined by onset of signs and symptoms of IE in patients who had been hospitalized for 48 hours or longer 6 .
Statistical Analysis
Incident cases were residents of Olmsted County, Minnesota that first tested positive for VGS-IE in the 1999-2010 time frame. We calculated incidence rates as the number of VGS-IE cases per 100,000 person-years, assuming that the entire adult population was at risk. The denominators of age-and sex-specific person-years were derived from census figures and then directly adjusted to the Caucasian population in the United States in year 2000. Ninety-five percent confidence intervals were estimated assuming that the incidence cases followed a Poisson distribution.
Finally, a multivariable Poisson regression model was fit to the data to test for a temporal trend in the incidence of VGS-IE over the study time frame (time was grouped into three 4-year intervals and fit as a categorical variable), adjusted for age and sex. All analyses were carried out using the SAS statistical software package (Version 9.2, SAS Institute Inc., Cary, NC). A p-value < .05 was considered statistically significant.
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Discussion
To our knowledge, this is the first population-based study in the United States to examine the incidence of VGS-IE in adults following the publication of the updated 2007 AHA IE prevention guidelines. Our investigation demonstrated no perceivable increase in incidence following publication of these guidelines.
Because there are no previously published prospective, randomized, placebo-controlled trials to evaluate either the risk of VGS-IE due to dental procedures or the efficacy of antibiotic prophylaxis in this setting, and the likelihood of such trials being conducted is very low, population-based investigations are critical in evaluating IE prevention practices.
Three other investigations support our findings that the incidence of VGS-IE has not The number of hospital discharges due to VGS-IE remained stable between 1999 and 2009, despite increases in the number of states, hospitals, and total discharges that were surveyed.
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Discharge da ata ta ta i i in n 19 19 1999 Thornhill et al 17 defined the impact of the NICE guidelines in the first two years after publication of these guidelines by quantifying the change in prescribing patterns of antibiotic prophylaxis before invasive dental procedures for patients at risk of IE, and any concurrent change in the incidence of IE in the United Kingdom. Using the national database, they were able to survey the entire country regarding the practice of antibiotic prophylaxis for dental procedures. In their investigation, they identified patients who received a unique 3 gram dose of amoxicillin prior to invasive dental procedures and compared that to denominator data of IE cases. Their analysis indicated a 78.6% reduction in prescribing of antibiotic prophylaxis after the introduction of the NICE guidelines. Yet, they did not detect a significant increase in the number of IE cases above the long-term baseline trend during their study period. There was no significant increase in the rate of IE-related in-hospital mortality or increase in the number of IE U U Usi sin ng ng t the he n nat atio ion n nal l da da ata ta tab ba base se e, , th th they ey y w w wer ere e ab b ble le le t t to o o su surv rv vey e ey t th he e e e ent nti ir ire e co coun n ntr try y y re re reg ga gard rd din in ng g g t th the e e pr pr pra ac acti ti t ce e e o o of f f a an anti ti tibi bi b o ot otic ic ic p p pr ro oph ph hyl yl lax ax axis is i f f for or or d de e ent ta tal l procedures. In In n t t the he heir ir ir i inv nv nves e e ti i iga ga gati t t on on on, , th th hey ey i i ide de dent nt ntif if fie ie ied d d pa pa pati ti t en en nts ts ts w w who ho ho r r rec ec e ei ei eive ve ved d d a a a un un uniq iq que ue ue 3 3 3 g g gra ra r m dose of f (P=0.66). Twelve-months prior to the NICE guidelines, dentists accounted for 91.9% of prescriptions for antibiotic prophylaxis, while 14-25 months after the introduction of the guidelines, the number of prescriptions written by dentists significantly decreased by 79.9%.
These data support the recommendations published in the NICE guideline 17 .
To evaluate the antibiotic prescribing pattern for IE prophylaxis in Olmsted County, we performed an ancillary survey of the local dental society (90 members) and had a 41.1% The incidence of VGS-IE in Olmsted County has been declining since its peak in 1985-1989 5, 6 . Factors responsible for this observation have been undefined, to date. It is tempting to speculate that the decline in VGS-IE cases could be related to the overall decline in rheumatic carditis as a unique substrate for the development of IE due to VGS. Studies [18] [19] [20] from areas where rheumatic fever continues to be endemic and a prominent predisposing condition for the development of IE describe VGS as the predominant pathogens.
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Olmsted County (predominately Caucasian) may limit applicability of the study findings to more diverse populations. Furthermore, there are limited data on compliance with the guidelines available and the risk profile of patients who receive prophylaxis is unknown (high-risk vs. lowrisk for complications).
The NIS contains discharge-level records, not patient-level records 9 , therefore individual patients who are hospitalized multiple times in one year may be present in the NIS multiple times. In addition, diagnosis codes may not be accurate in defining disease syndromes.
Finally, self-reported data in response to a survey may not be a true reflection of actual practice behavior. Responders may be more likely that the non-responders to be aware of and follow the 2007 guidelines. For a more accurate estimation of adherence to new practice guidelines, patient records would need to be reviewed, and this was not performed in our investigation.
Conclusions
Despite marked changes in IE prevention guidelines that were published by the AHA in 2007 that restricted antibiotic prophylaxis to four patient groups with a high-risk of complications from IE, the findings of our population-based investigation from Olmsted County, Minnesota suggest that the incidence of VGS IE following publication of these guidelines did not increase.
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